
United States Patent [191 [1 1] 4,245,079 

Matsumoto et al. [45] Jan. 13, 1981 

[54] CURABLE ORGANOPOLYSILOXANE [56] References Cited 
COMPOSITION us. PATENT DOCUMENTS 

3,996,l95 l2/l976 Sato et al. ........................... a. 528/l5 

[75] Inventors: Yasuji Matsumoto; Bunjiro Murai, 4,077.943 3/1978 Sato at at 528/15 
both of Ohm, Japan 4,082,726 4/1978 Mine et a1. ........................... .. S28/3l 

Primary Examiner-Melvyn l. Marquis 

[73] Assignee: Toshiba Silicone Co., Ltd., Tokyo, gggig?yf?'r‘lg 0’ F"'"_Bla“°hard' Fly""’ “16" 
Japan 

[57] ABSTRACT 
_ A curable organopolysiloxanc composition comprises 

[21] Appl' NO" l2'827 (A) an organopolysiloxane having at least two alkenyl 
groups bonded to silicon atoms in which the silicon 

[22] Filed: Feb. 16, 1979 atom is attached to a monovalent hydrocarbon group 
containing a trialkoxysilyl group, an epoxy group or an 
ester group, (B) an organohydrogenpolysiloxane having 

[51] Int. Cl.3 ............................................ .. C08G 77/06 at least three hydrogen atoms bonded to silicon atoms 
[52] US. Cl. . .............................. .. 528/15; 260/37 SB; and (C) a catalyst of platinum or a compound thereof. It 

528/3l; 528/32; 528/33; 428/429; 428/447; is improved in respect to the adhesion to metal, glass 
428/450 and plastics. 

[58] Field of Search ..................... .i 528/15, 31, 32, 33; 
260/37 SB 34 Claims, No Drawings 



4,245,079 
1 

CURABLE ORGANOPOLYSILOXANE 
COMPOSITION 

The present invention relates to a curable organo 
polysiloxane composition which is cured at a relatively 
low temperature and tightly bonded to a substrate such 
as a metal, glass or plastic. 

Silicone elastomers and silicone resins which are 
cured by reaction of hydrosilyl groups with alkenyl 
groups, especially vinyl groups, bonded to silicon atoms 
have the excellent heat resistance and electrically insu 
lating properties inherent of silicones, and curing of 
these rubbers and resins can easily be promoted by 
heating. Accordingly, they are suitable for mass pro 
duction of molded and coated articles and they are 
widely used in various ?elds, especially in the electric 
and electronic industries. Conventional silicone elasto— 
mers and silicone resins curable by the abovementioned 
reaction, however, are poor in the adhesion to sub 
strates, and therefore, their applications have been inev 
itably limited. 
As means for improving the bondability to substrates, 

there have heretofore been proposed (l) a method in 
which a substrate is treated with a primer and (2) a 
method in which an adhesion promoter is incorporated 
into a silicone elastomer or silicone resin to impart a 
self-bonding property thereto. The former method, 
however, is defective in that the process steps are com 
plicated and the method is therefore not suitable for 
mass production, and that since a solvent is ordinarily 
used for the primer, care should be paid to the igniting 
property or the poisoning property of the primer. Al 
though various researches have heretofore been made 
on the latter method, in many cases, a silane or siloxane 
having a relatively low molecular weight is added as the 
adhesiveness-imparting agent. Accordingly, the charac 
teristic properties of the silicone elastomer or silicone 
resin are degraded, or when the composition is heated 
and cured, such additive component is evaporated and 
no satisfactory bonding effect can be obtained. Further, 
in some cases, the effect of the adhesion promoter can 
not be sufficiently attained unless another additive com 
ponent is further added. For example, when semi-con 
ductors are potted, low molecular weight silanes and 
siloxanes evaporate and affect other components exist 
ing with them. Thus, satisfactory results cannot always 
be obtained according to the latter method. 
We made researches with a view to eliminating the 

foregoing defects and disadvantages, and as a result, we 
succeeded in developing a curable organopolysiloxane 
composition which is formed only by introducing silox 
ane units effective for imparting an adhesiveness into a 
base polymer. The composition comprises three compo 
nents, ie, a base polymer, a cross-linking agent and a 
catalyst. The composition can be cured by conducting 
heating at a relatively low temperature for a short time 
and it can be bonded to metals, glass, plastics and the 
like without addition of an adhesion-promoting low 
molecular-weight compound. 
More speci?cally, in accordance with the present 

invention, there is provided a curable organopolysilox 
ane composition consisting essentially of (A) an organo 
polysiloxane containing in the molecule at least one unit 
represented by the following general formula: 
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wherein Rl stands for a substituted or unsubstituted 
monovalent hydrocarbon group, R2 stands for a mono 
valent hydrocarbon group substituted with a trialkox 
ysilyl group bonded to the silicon atom through at least 
2 carbon atoms, a monovalent hydrocarbon group sub 
stituted with an epoxy group or a monovalent hydro 
carbon group substituted with an ester group bonded to 
the silicon atom through at least I carbon atom, a is O, l 
or 2, b is l or 2, and the sum ofa and b (a+b) is l, 2 or 
3, said organopolysiloxane also containing in the mole 
cule at least 2 alkenyl groups bonded to silicon atoms 
and having a viscosity of 50 to 1,000,000 cP as measured 
at 25° C., (B) an organohydrogenpolysiloxane having 
units represented by the following general formula: 

wherein R3 stands for a substituted or unsubstituted 
monovalent hydrocarbon group, c is 0, l or 2 and d is l 
or 2, and containing in the molecule at least 3 hydrogen 
atoms bonded to silicon atoms, the amount of said or 
ganohydrogenpolysiloxane being such that 0.5 to 4.0 of 
hydrogen atoms bonded to silicon atoms are provided 
per alkenyl group in the component (A), and (C) a 
catalyst selected from the group consisting of platinum 
and platinum compounds in an amount of l to 100 ppm 
as platinum based on the component (A). 
The organopolysiloxane used as the component (A) 

in the present invention is fundamentally a base polymer 
of a so-called addition type organopolysiloxane compo 
sition, which contains in the molecule at least 2 alkenyl 
groups bonded to silicon atoms, and the present inven 
tion is characterized in that siloxane units containing the 
group R2 bonded to the silicon atom are introduced in 
the above base polymer so as to impart adhesiveness 
thereto. R2 stands for a monovalent hydrocarbon group 
substituted with a trialkoxysilyl group bonded to the 
silicon atom through at least 2 carbon atoms. For exam 
ple, a group (R4O)3SiCH2CH2—~ in which R4 stands for 
a monovalent linear or branched hydrocarbon group 
having from one to four carbon atoms can be mentioned 
as R2. It is especially preferred that R4 be a methyl, 
ethyl or propyl group. These monovalent hydrocarbon 
groups substituted with trialkoxysilyl groups may be 
the same or different, and they are introduced into the 
above-mentioned siloxane as organic groups constitut 
ing monofunctional, bifunctional and/or trifunctional 
siloxane units in the organopolysiloxane. 
As another example of R2, there can be mentioned a 

monovalent hydrocarbon group substituted with an 
epoxy group, especially an epoxy group bonded to the 
silicon atom through at least 3 carbon atoms, optionally 
through an interposed oxygen atom of the ether linkage. 
For example, there can be mentioned a y-glycidyloxy 
propyl group and a B-(3,4-oxycyclohexyl) ethyl group. 
These monovalent hydrocarbon groups substituted 
with epoxy groups may be the same or different, and 
they are introduced into the above-mentioned siloxane 
as organic groups constituting monofunctional, bifunc 
tional and/or trifunctional siloxane units in the organo 
polysiloxane. 
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As still another example of R2, there can be men 
tioned a monovalent hydrocarbon group substituted 
with an ester group bonded to the silicon atom through 
at least 1 carbon atom. For example, the following 
groups can be mentioned: 

0 0 CH3 0 CH3 

A group having a trialkoxysilyl group and an ester 
group can be mentioned as still another example of R2. 
A group having the following formula: 

0 CH3 

wherein R4 stands for an above-mentioned monovalent 
hydrocarbon group, preferably a methyl, ethyl or pro 
pyl group, is preferred as such group to impart an excel 
lent adhesion properties. 
These monovalent hydrocarbon groups substituted 

with ester groups may be the same or different, and they 
are introduced in the above-mentioned siloxane as or 
ganic groups constituting monofunctional, bifunctional 
and/ or trifunctional siloxane units in the organopolysi 
loxane. 
As RI and the organic groups bonded to the silicon 

atoms of other siloxane units, there can be mentioned, 
for example, alkyl groups such as methyl, ethyl, propyl, 
butyl, hexyl and dodecyl groups, alkenyl groups such as 
vinyl and allyl groups, aryl groups such as a phenyl 
group, aralkyl groups such as styrenyl and a-methyl 
styrenyl groups, and halogen- and cyano-substituted 
hydrocarbon groups such as chloromethyl, 3,3,3-tri 
fluoromethyl and B-cyanoethyl groups. From the view 
points of easiness in the snythesis and maintenance of a 
low viscosity before curing while maintaining the de 
gree of polymerization of the organopolysiloxane at a 
level necessary for providing good physical properties 
after curing, a methyl group is most preferred in addi 
tion to alkenyl groups described hereinafter. For effect 
ing a cross-linking reaction by hydrosilylation, it is 
indispensable that among R1 and the organic groups 
bonded to silicon atoms of other siloxane units, there 
should be present at least 2 alkenyl groups per molecule. 
From the viewpoint of easiness in the synthesis, a vinyl 
group is especially preferred as the alkenyl group. The 
alkenyl groups may be present on the terminal siloxane 
units or intermediate siloxane units of the molecular 
chain of the organopolysiloxane or on both of them. In 
order to impart excellent mechanical properties to the 
cured composition, it is preferred that the alkenyl 
groups be present at least on the terminal siloxane units. 
The organopolysiloxane may be any of linear, par 

tially cyclized linear, branched and cyclic organopoly 
siloxanes, or it may be a mixture of two or more of 
them. In order to obtain a composition suitable for cast 
ing, coating impregnation or other molding, especially a 
composition having an appropriate flow property be 
fore curing and excellent physical properties after cur 
ing, it is essential to use a linear, partially cyclized linear 
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4 
or branched polysiloxane having a viscosity of 50 to 
1,000,000 cP, particularly 100 to 10,000 cP, as measured 
at 25° C. From the viewpoint of easiness in the snythe 
sis, a linear or partially cyclized linear polysiloxane 
having a viscosity within the above range is especially 
preferred. 

Such organopolysiloxane having alkenyl groups and 
trialkoxysilyl, epoxy or ester group-substituted hydro 
carbon group can be prepared by an equilibration reac» 
tion or an addition reaction. In the case of the equilibra 
tion reaction, a low-molecular-weight organopolysilox 
ane having an alkenyl group is equilibrated with a low 
molecular-weight organopolysiloxane having a trialk 
oxysilyl, epoxy or ester group-substituted hydrocarbon 
group in a non-protonic polar solvent such as dimethyl 
formamide in the presence of a catalyst such as lithium 
hydroxide. 
As the low-molecular-weight organopolysiloxane 

having an alkenyl group, there can be mentioned, for 
example, CH2:CH(CH3)2SiOSi(Cl-I3)2CH:CH2, 
[(Cl-l3)(CH2:CH)SiO]4, and CH2:CH(CH3)2Si 
O[(CH3)ZSiO]20Si(CH3)2CH:CH2. 
As the low-molecular-weight organopolysiloxane 

having a trialkoxysilyl group-substituted hydrocarbon 
group, there can be mentioned, for example, the follow 
ing compounds: 

As the low-molecular-weight organopolysiloxane 
having an epoxy group-substituted hydrocarbon group, 
there can be mentioned, for example, the following 
compounds: 

CHIC") and 

As the low-molecular-weight organopolysiloxane 
having an ester group-substituted hydrocarbon group, 
there can be mentioned, for example, the following 
compounds: 
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-continued 

In the case of the addition reaction, an organopolysi 
loxane having an alkenyl group is hydrosilylated with 
an organohydrogenpolysiloxane having in the molecule 
a trialkoxysilyl, epoxy or ester group-substituted hydro 
carbon group and a hydrogen atom bonded to the sili 
con atom, in the presence of a platinum compound as a 
catalyst. 
As the organopolysiloxane having an alkenyl group, 

there can be mentioned, for example, dimethylpolysi 
loxanes having vinyldimethylsiloxy groups on both the 
molecule ends and organopolysiloxanes having methyl 
vinylsiloxy groups on some of the intermediate siloxane 
units. 
As the organohydrogenpolysiloxane having a trialk 

oxysilyl group-containing hydrocarbon group and a 
hydrogen atom bonded to the silicon atom, there can be 
mentioned, for example, the following compounds hav 
ing in the molecule one or two hydrogen atoms bonded 
to the silicon atom: 

As the organohydrogenpolysiloxane having an epoxy 
group-containing hydrocarbon group and a hydrogen 
atom bonded to the silicon atom, there can be men 
tioned, for example, the following compounds having in 
the molecule one or two hydrogen atoms bonded to the ‘ 

silicon atom: 
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-continued 

CHZCHZ and 

(monocular-cu; 

\()I 
As the organohydrogenpolysiloxane having an ester 

group-containing hydrocarbon group and a hydrogen 
atom bonded to the silicon atom, there can be men 
tioned, for example, the following compounds having in 
the molecule one or two hydrogen atoms bonded to the 
silicon atom: 

When an organohydrogenpolysiloxane having two 
hydrogen atoms bonded to the silicon atom is em 
ployed, it reacts with 2 molecules of a linear organo 
polysiloxane having an alkenyl group to form a partially 
cyclized linear organopolysiloxane having an alkenyl 
group and a trialkoxysilyl, epoxy or ester group. 
There can be used as the organopolysiloxane (A), 

compounds having the formula 
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wherein e is a number from 0 to 2,000 and f is a number 
of l to 2,000 and compounds having the formula 

CH3 10 CH3 

CH3 CH3 CH 

CH3 CH3 

20 

wherein n is a number of 1 to 1,000 and m is a number 25 
of l to 50. 
The organohydrogenpolysiloxane used as the compo 

nent (B) in the present invention should have at least 3 
hydrogen atoms bonded to silicon atoms so as to reticu 
late the composition by a cross-linking reaction. As R3 
and the organic groups bonded to silicon atoms of other 
siloxane units, there can be mentioned the same groups 
as exempli?ed above with respect to R1 of the compo 
nent (A). From the viewpoint of easiness in the synthe 
sis, a methyl group is most preferred. Such organohy 
drogenpolysiloxane may be any of linear, branched and 
cyclic organohydrogenpolysiloxanes, but linear and 
branched organohydrogenpolysiloxanes described 
hereinafter are especially preferred because they pro 
vide cured compositions having excellent physical 
properties. 
(I) Branched organohydrogenpolysiloxanes consisting 

of (CH3)1HSiO1/2 units and SiO; units in which the 
content of hydrogen atoms bonded to silicon atoms is 
in the range of from 0.3 to 1.2% by weight. 

(2) Linear organohydrogenpolysiloxanes represented 
by the following general formula: 
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wherein p is a number of 3 to 100 and q is a number 
of 0 to 100, in which the content of hydrogen atoms 
bonded to silicon atoms is in the range of from 0.5 to 
1.6% by weight. 

(3) Linear organohydrogenpolysiloxanes represented 
by the following general formula: 

wherein r is a number of] to 100 and s is a number of 
0 to 100, in which the content of hydrogen atoms 

8 
bonded to silicon atoms is in the range of from 0.5 to 
1.6% by weight. 
in the present invention, it is preferred that the 

amount used of the component (B) be such that the 
number of hydrogen atoms bonded to silicon atoms in 
the component (B) is 0.5 to 4.0, preferably 1.0 to 3.0, per 
alkenyl group in the component (A). if the number of 
such hydrogen atoms is too small, curing of the compo 
sition does not sufficiently proceed and the hardness of 
the cured composition is low. In contrast, if the number 
of such hydrogen atoms is too great, the physical prop 
erties and heat resistance of the cured composition are 
insufficient. 
A catalyst selected from the group consisting of plati 

num and platinum compounds is used as the component 
(C) in the present invention. The catalyst promotes 
addition reaction between the alkenyl group of the 
component (A) and the hydrosilyl group of the compo 
nent (B). As such catalysts, there can be mentioned, for 
example, elementary platinum, chloroplatinic acid, a 
platinum-olefin complex, a platinum-alcohol complex 
and a platinum coordination compound. The compo 
nent (C) is used in an amount of l to 100 ppm as plati 
num based on the component (A). 
An inorganic ?ller may be added to the composition 

of the present invention according to need, whereby 
good properties suitable for the intended uses, such as 
good flow properties, hardness after curing, high tensile 
strength, high elongation and high modulus can be im 
parted. As the inorganic ?ller, there can be mentioned, 
for example, fumed silica, silica aerogel, precipitated 
silica, pulverized silica, diatomaceous earth, iron oxide, 
zinc oxide, titanium oxide, calcium carbonate, magne 
sium carbonate, zinc carbonate and carbon black. The 
amount of the inorganic filler is not particularly critical 
but rather is optional provided that the‘ intended objects 
of the present invention can be attained. 
Known additives such as vinyltriethoxysilane, 'y 

glycidoxypropyltrimethoxysilane and 'y-methacryloxy 
propyltrimethoxysilane may be added to the composi 
tion of the present invention. 
The composition of the present invention is prepared 

by mixing the above components (A), (B) and (C), and 
it is cured by heating, preferably at a temperature of up 
to 120° C., after casting, coating or impregnation. in 
order to prevent curing during storage, the composition 
is ordinarily stored in the form of two packs. More 
speci?cally, the components (A) and (C) are stored in 
one pack and the component (B) is stored in another 
pack, or the component (C) and a part of the component 
(A) are stored in one pack and the remainder of the 
component (A) and the component (B) are stored in 
another pack, though the manner of storage is not par 
ticularly limited to the above-mentioned manner. Fur 
ther, the components (A), (B) and (C) can be stored in 
one pack if a known addition reaction inhibitor is incor 
porated. 

After casting, coating or impregnation, the organo 
polysiloxane composition of the present invention is 
maintained at a temperature approximating l00° C. for 
about 30 minutes, whereby the composition can be 
cured in the state tightly bonded to various substrates. 
The composition of the present invention is advanta 
geous over conventional non-bonding type composi 
tions in various points. For example, the step of coating 
a primer becomes unnecessary. Furthermore, the pres 
ent invention is advantageous over the conventional 
technique of adding an adhesion promoter having a 
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relatively low molecular-weight, because reduction of 
characteristic properties or change of the adhesiveness 
or dimensional change by evaporation of the adhesion 
promoter at the heat curing step can be prevented. 
The organopolysiloxane composition of the present 

invention can be effectively used for potting or impreg~ 
nation of parts of electronic instruments or for east 
molding requiring adhesiveness. 
The present invention will now be described in detail 

by reference to the following Examples in which all of 
“parts" are by weight. 

EXAMPLE 1 

To 100 parts of a triethoxysilylethyl group-containing 
organopolysiloxane represented by the following aver 
age formula: 

and having a viscosity of about 1,200 c? as measured at 
25° C. were added 1.5 parts of an organohydrogenv 
polysiloxane represented by the following average for 
mula: 

(CHJ)35i0[(CH3)HSiOlsUCHilzsiolssifCHils 

and 0.02 part of a chloroplatinic acid-octanol complex 
(having a Pt content of 2%), to form a composition of 
the present invention. The adhesiveness of the composi 
tion to various substrates was tested according to the 
following method. 
The composition was inserted between‘two test pan 

els composed of a substrate material indicated in Table 
l, and was cured by heating at 100° C. for 4 hours. The 
adhesive strength under shear and cohesive failure ratio 
were determined and results are shown in Table l. 
A comparative composition was prepared in the same 

manner as described above except that 100 parts of an 
organopolysiloxane represented by the following aver 
age formula: 

was used instead of the triethoxysilylethyl group-con 
taining organopolysiloxane, and the adhesiveness of the 
comparative composition was tested in the same man 
ner as described above and results are shown in Table l. 
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10 
TABLE 1 

Composition of 
Present Invention Comparative Composition 

Adhesive Cohesive Adhesive Cohesive 
strength failure strength failure 

under shear ratio under shear ratio 
Substrate (kg/cmz) (%) (kg/cmz) (%) 
aluminum 2.l 100 0.2 0 
stainless 1.9 100 0.1 0 
steel 
phenolic resin 1.9 100 0.1 0 
polyester 1.7 100 0.1 0 
resin 
epoxy resin l.9 lOO 0.1 0 

The composition of the present invention, the com 
parative composition and a composition obtained by 
adding 3 parts of a cyclic tetrasiloxane having the fol 
lowing formula: 

to 100 parts of the comparative composition were tested 
in the following manner. 
A 50 cc-capacity glass beaker was charged with pre 

cisely measured 5 g of the sample, and the sample was 
heated at 100° C. for 24 hours. The samples other than 
the sample of the comparative composition were tightly 
bonded to the beakers. The weight losses by heating 
were 0.29% and 0.35% in the samples of the composi 
tion of the present invention and the comparative com 
position, respectively. The weight loss by heating was 
1.4% in the sample of the cyclic tetrasiloxane-incor 
porated comparative composition. The heated sample 
of the composition of the present invention was color 
less and transparent as the heated samples of the other 
compositions. 

EXAMPLE 2 

A composition was prepared by mixing 100 parts of a 
triethoxysilylethyl group-containing organopolysilox 
ane represented by the following average formula: 

CH3 
/ 

CH3 

with 2 parts of an organohydrogensiloxane represented 
by the following average formula: 

0.02 part of an ethanol solution of chloroplatinic acid 
(the Pt content being 4%). 10 parts of fumed titanium 
oxide and 50 parts of pulverized silica having an aver 
age particle size of 5p. The composition was inserted in 
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a thickness of 1 mm between two glass sheets and 
heated at 100° C. for 5 hours to effect curing. It was 
found that the composition had a good adhesiveness. 
The adhesive strength under shear was 7.3 kg/cm2 and 
the cohesive failure ratio was 100%. 5 

EXAMPLE 3 

A composition was prepared by mixing 100 parts ofa 
trimethoxysilylethyl group~containing organopolysilox 
ane represented by the following average formula: 10 

12 
composition was tested in the same manner as described 
above to obtain results shown in Table 2. 

TABLE 2 
Composition of 

Present lnvenlion Comparative Composition 

CHZCHZSKOCHjh 

with 4 parts of a methylhydrogenpolysiloxane consist 
ing of H(CH3)2SiO; units and SiO; units in which the 
content of hydrogen atoms bonded to silicon atoms was 
0.9% by weight, 10 parts of fumed silica having a spe- 20 
ci?c surface area of 200 mz/g, 6 parts of zinc oxide 
having an average particle size of Sn and 0.05 part of an 
isopropanol solution of chloroplatinic acid (the Pt con 
tent being 2%). The composition was inserted in a 
thickness of 1 mm between aluminum plates and heated 25 
at 100° C. for 5 hours to effect curing. It was found that 
the composition had a good adhesiveness. The adhesive 
strength under shear was 9.2 kg/cm2 and the cohesive 
failure ratio was 100%. 

EXAMPLE 4 

To 100 parts of an epoxy group-containing organo 
polysiloxane represented by the following average for 
mula: ~ 

30 

and having a viscosity of about 1,300 cP as measured at 
25° C. were added 1.5 parts of an organohydrogen 
polysiloxane represented by the following average for 
mula: 

4S 

(CH3l]SiO[(CH3)HSiO]g[(CH3)2SiO]¢,Si(CH3)3 

and 0.02 part of a chloroplatinic acid-octanal complex 
(having a Pt content of 2%), to form a composition of 
the present invention. The adhesiveness of the composi 
tion to various substrates was tested according to the 
following method. 
The composition was inserted between two test pan-v 

els composed of a substrate material indicated in Table 
2, and it was cured in this state by heating at 100° C. for 
4 hours. The adhesive strength under shear and cohe 
sive failure ratio were determined to obtain results 
shown in Table 2. 
A comparative composition was prepared in the same 

manner as described above except that 100 parts of an 
organopolysiloxane represented by the following aver 
age formula: 

was used instead of the epoxy group-containing organo 
polysiloxane. and the adhesiveness of the comparative 

Adhesive Cohesive Adhesive Cohesive 
strength failure strength failure 

under vshear ratio under shear ratio 
Substrate (kg/cmz) (‘7%) (kg/emit ('70 
Aluminum 2.0 100 0.2 0 

stainless [.8 100 U.l 0 
steel 
phenolic L9 I00 0.1 0 
resin 
polyester 1.7 I00 0.] (l 
resin 
epoxy resin L8 [00 0.1 0 

The composition of the present invention, the com 
parative composition and a composition obtained by 
adding 3 parts of a cyclic tetrasiloxane having the fol 
lowing formula: 

LEtch3insiohttcansiioi :l 

to I00 parts of the comparative composition were tested 
in the following manner. 
A 50 cc-capacity glass beaker was charged with pre 

cisely measured 5 g of the sample, and the sample was 
heated at 100° C. for 24 hours. The samples other than 
the sample of the comparative composition were tightly 
bonded to the beakers. The weight losses by heating 
were 0.28% and 0.35% in the samples of the composi 
tion of the present invention and the comparative com 
position, respectively. The weight loss by heating was 
l.3% in the sample of the cyclic tetrasiloxane-incor 
porated comparative composition. The heated sample 
of the composition of the present invention was color 
less and transparent as the heated samples of the other 
compositions. 

‘ EXAMPLE 5 

In the presence of 0.0] part of a Z-ethylhexyl alcohol 
solution of chloroplatinic acid (having a Pt content of 
3%). 100 parts of a vinyl group-containing organopoly 
siloxane represented by the following average formula: 

and 2 parts of an epoxy group-containing organohy 
drogenpolysiloxane represented by the following for 
mula: 
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with 2.5 parts of a methylhydrogenpolysiloxane consist 
ing of H(CH3)1SiO; units and SiO; units in which the 

q-(CllmSiOl-HCH3)SiOH(CH3)HSi0]r| content of hydrogen atoms bonded to silicon atoms was 
0.8% by weight, and 0.05 parts of an isopropanol solu 

0 5 tion of chloroplatinic acid (the Pt content being 2%). 
CHZCHZ The composition was inserted in a thickness of 1 mm 

between aluminum plates and heated and cured at 100’ 
C. for 5 hours in the same manner as in Example 5. It 

. . , was found that the composition had a good adhesive 
We“? heatcd under agltat'on at 80 C‘ for 1 hour to 10 ness. The adhesive strength under shear to the glass 
Obtam a“ organopolysllomne represented by the fol' substrate was 4.4 kg/cm2 and the cohesive failure ratio 
lowing average formula: was 100%. 

and a viscosity of 1,800 cP as measured at 25° C. 
A composition was prepared by mixing this organo- EXAMPLE 7 

polisizloxane (without remplvgl of the pllatilnum catalyst) 30 A composition was prepared by mixing 100 pans of 
w“ d gang of T1" ol'gano y roggnpo oxane repre' an epoxy group-containing organopolysiloxane repre 
sente y t e o owmg average on“ 3' sented by the following average formula: 

with 2 parts of an organohydrogensiloxane represented 
CH 5'0 CH HS‘O H '0 ' ‘H . ( m I K 3) I MKC ms‘ 1'05“ m by the following average formula: 

_ 4s 

and the composmon'was Inserted in a ‘thickness of 1 mm mcmhsioucmmsiolHKCHJhSiOISSKCHmH 
between two alummum plates havmg a sac of 50 and 0.08 part of a complex of octanol with chloropla 
mmxzs mnlxl mm and heated at ‘00 C‘ fol: hours tinic acid (the Pt content being 2%). The composition 
to effect c'ml‘g‘ h was found 0.1“ the composmon had was inserted between two glass sheets and heated at 
a good adheswelzwss' The adhesw? strength undef shear 50 100’ C. for 5 hours to effect curing in the same manner 
was 2'5 kg/cm and the cohesive fa'lure “"0 was as in Example 5. lt was found that the composition had 
100%‘ a good adhesiveness. The adhesive strength under shear 

EXAMPLE 6 to the glass substrate was 4.0 kg/cm2 and the cohesive 
. . . . f 'l ' . 

A composition was prepared by muting 100 parts of 55 3‘ um “"0 was ‘00% 
an epoxy group-containing organopolysiloxane repre- EXAMPLE 8 
“med by the followmg average formula: A composition was prepared by mixing 100 parts of 

an epoxy group-containing organopolysiloxane repre 
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which had been prepared in the same manner as in 
Example 5 by using a cyclic organopolysiloxane repre 
sented by the following formula: 

(0.02 part of an octanol complex of chloroplatinic acid 
having a Pt content of 2% was used for the synthesis 
and it was not removed), with 1.2 parts of an organohy 
drogenpolysiloxane represented by the following aver 
age formula: 

8 parts of fumed silica having a speci?c surface area of 
200 mZ/g, and 5 parts of zinc oxide having an average 
particle size of 5 n. The composition was inserted in a 
thickness of 1 mm between test panels shown in Table 3 
and heated at 100° C. for 5 hours to effect curing. It was 
found that the composition had a good adhesiveness. 
The adhesive strength under shear and cohesive failure 
ratio were determined to results shown in Table 3. 
A comparative composition was prepared in the same 

manner as described above except that I00 parts of an 
organopolysiloxane represented by the following aver 
age formula: 

was used instead of the epoxy group-containing organo 
polysiloxane, and the adhesiveness of the comparative 
composition was tested in the same manner as described 
above. In each case, the cohesive failure ratio was 0%. 

TABLE 3 

Adhesive strength Cohesive failure 
under sheat ratio 

Substrate (kg/m1) (%) 
Aluminum l0.4 100 
stainless steel 1042 I00 
glass “.8 100 
phenolic resin lOi6 100 
epoxy resin l2.0 100 

EXAMPLE 9 
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A composition was prepared by mixing 100 parts of 

an epoxy group-containing organopolysiloxane repre» 
sented by the following average formula: 

0 

(CH2)2 

with 12 parts of an organohydrogensiloxane repre 
sented by the following average formula: 

0.] part of a platinum complex (the Pt content being 
0.5%) formed by heating chloroplatinic acid with tet 
ramethyltetravinylcyclotetrasiloxane and 50 parts of 
pulverized silica having an average particle size of 5a. 
The composition was inserted between two glass sheets 
and heated at 100° C. for 5 hours to effect curing in the 
same manner as in Example 5. It was found that the 
composition had a good adhesiveness. The adhesive 
strength under shear to the glass substrate was 8.5 
ltg/cm2 and the cohesive failure ratio was 100%. 

EXAMPLES l0 and H 

Compositions prepared in the same manner as in Ex 
ample 4 by using 100 parts of an epoxy group-contain 
ing organopolysiloxane having an average formula 
shown below instead of the epoxy group-containing 
organopolysiloxane used in Example 4, and the compo 
sitions were cured between aluminum panels in the 
same manner as in Example 4. In each case, a good 
adhesiveness was obtained and the cohesive failure ratio 
was 100%. 

EXAMPLE 1 l 
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EXAMPLE 12 

To 100 parts of an ester linkage-containing organo 
polysiloxane represented by the following average for 
mula: 

and having a viscosity of about 800 cP as measured at 
25" C. were added 1.5 parts of an organohydrogen 
polysiloxane represented by the following average for 
mula: 

and 0.02 part of a chloroplatinic acid-octanol complex 
(having a Pt content of 2%), to form a composition of 
the present invention. The adhesiveness of the composi 
tion to various substrates was tested according to the 
following method. 
The composition was inserted between two test pan 

els composed of a substrate material indicated in Table 
4, and it was cured in this state by heating at 100° C. for 
4 hours. The adhesive strength under shear and cohe 
sive failure ratio were determined to obtain results 
shown in Table 4. 
A comparative composition was prepared in the same 

manner as described above except that 100 parts of an 
organopolysiloxane represented by the following aver 
age formula: 

was used instead of the ester linkage-containing organo 
polysiloxane, and the adhesiveness of the comparative 
composition was tested in the same manner as described 
above to obtain results shown in Table 4. 

TABLE 4 
Composition of Comparative 

Present invention Composition 
Adhesive Cohesive Adhesive Cohesive 
strength failure strength failure 

under shear ratio under shear ratio ' 
Substrate (kg/cmZ) (%) (kg/cmz) (‘70) 
aluminum 2.1 100 0.2 0 
stainless steel I.7 lOO 0.] 0 
phenolic resin L9 l00 Oil 0 
polyester resin 2.0 I00 0| 0 
epoxy resin L7 I00 0.! 0 

The composition of the present invention, the com 
parative composition and a composition obtained by 
adding 3 parts of a cyclic tetrasiloxane having the fol 
lowing formula: 

to 100 parts of the comparative composition were tested 
in the following manner. 
A 50 cc-capacity glass beaker was charged with pre 

cisely measured 5 g of the sample, and the sample was 
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18 
heated at 100° C. for 24 hours. The samples other than 
the sample of the comparative composition were tightly 
bonded to the beakers. The weight losses by heating 
were 0.26% and 0.35% in the samples of the composi 
tion of the present invention and the comparative com 
position, respectively. The weight loss by heating was 
1.2% in the sample of the cyclic tetrasiloxane-incor 
porated comparative composition. 

EXAMPLE 13 

A composition was prepared by mixing 100 parts of 
an ester linkage-containing organopolysiloxane repre 
sented by the following average formula: 

with 3 parts of a methylhydrogenpolysiloxane consist 
ing of H(CH3)ZSiO; units and SiO; units in which the 
content of hydrogen atoms bonded to silicon atoms was 
1.0% by weight, 0.01 part of an isopropanol solution of 
chloroplatinic acid (the Pt content being 3%) and 50 
parts of pulverized silica having an average particle size 
of 5p. The composition was inserted in a thickness of 1 
mm between two aluminum sheets having a size of 50 
mm><25 mmXl mm and heated at 100° C. for 5 hours 
to effect curing. It was found that the composition had 
a good adhesiveness. The adhesive strength under shear 
was 9.5 kg/cm2 and the cohesive failure ratio was 
100%. 

EXAMPLE l4 

A composition was prepared by mixing 100 parts of 
an ester linkage-containing organopolysiloxane repre 
sented by the following average formula: 

CH3 CH3 

I 
St 

with an organohydrogensiloxane represented by the 
following average formula: 

0.02 part of an ethanol solution of chloroplatinic acid 
(the Pt content being 4%), 10 parts of titanium oxide 
and 50 parts of pulverized silica having an average 
particle size of 5p. The composition was inserted in a 
thickness of 1 mm between two glass sheets and heated 
at 100° C. for 5 hours to effect curing. It was found that 
the composition had a good adhesiveness. The adhesive 
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strength under shear was 7.8 kg/ci'n2 and the cohesive 
failure ratio was 100%. 

EXAMPLE 15 

A composition was prepared by mixing 100 parts of 5 
an ester linkage-containing organopolysiloiiane repre 
sented by the following average formula: 

CH3 (7 

with 2 parts of an organohydrogensiloxane represented 
by the following average formula: 

(CHmSiOllCHiJHSiOltiKCH3)25i0ls5i(CH1); 

8 parts of fumed silica having a speci?c surface area of 
200 m2/ g, 5 parts of zinc oxide having an average parti 
cle size of 5p and 002 part of an octanol complex with 
chloroplatinic acid (the Pt content being 2%). The com 
position was inserted in a thickness of 1 mm between 
test panels shown in Table 5 and heated at 100° C. for 5 
hours to effect curing. The adhesive strength under 
shear and the cohesive failure ratio were determined to 
obtain results shown in Table 5. 
A comparative composition was prepared in the same 

manner as described above except that. 100 parts of an 
organopolysiloxane represented by the following aver- ~ 
age formula: 

35 
was used instead of the ester linkage-containing organo 
polysiloxane, and the adhesiveness of the comparative 
composition was tested in the same manner as described 
above. In each case, the cohesive failure ratio was 0%. 

40 

TABLE 5 
Adhesive strength 

under shear 
(kg/C1112) 

10.5 
10.4 
11.5 
9.8 
10.3 
10.5 

Cohesive failure 
ratio 
(‘7/0) 

100 

Substrate 
45 aluminum 

stainless steel 
glass 
polyester resin 
phenolic resin 
epoxy resin 

EXAMPLE 16 

A composition was prepared by mixing 100 parts of 
an ester linkage-containing organopolysiloxane repre~ 55 
sented by the following average formula: 

CHFCl'HCHJlISlOliCHBhSlOl1tttlliCHl)SlOl5l(CHFCHllCHJl_ 

(CH1)_iOCCH3CH'—CH3 60 
ll \ / 

with 1.5 parts of an organohydrogensiloxane repre 
sented by the following average formula: (,5 

(CHJltSiUHCHA)HSiOligSKCH 1)} 

20 
002 part of an octanol complex with chloroplatinic acid 
(the Pt content being 2%), 5 parts of fumed titanium 
oxide and 5 parts of pulverized silica having an average 
particle size of 5a. The composition was inserted in a 
thickness of 1 mm between two aluminum plates and 
heated at 100” C. for 5 hours to effect curing. It was 
found that the composition had a good adhesiveness. 
The adhesive strength under shear was 9.9 ltg/cmz and 
the cohesive failure ratio was l00%. 
What we claim is: 
1. A curable organopolysiloxane composition consist 

ing essentially of (A) an organopolysiloxane containing 
in the molecule at least one unit having the formula: 

alarms“), up,” 
—1—, 

wherein RI is a substituted or unsubstituted monovalent 
hydrocarbon group, R2 is a monovalent hydrocarbon 
group substituted with a trialkoxysilyl group which is 
bonded to the silicon atom through a chain containing 
at least 2 carbon atoms. a is 0, l or 2, b is l or 2, and the 
sum ofa plus b is 1, 2 or 3, said organopolysiloxane also 
containing in the molecule at least alkenyl groups 
bonded to silicon atoms, said organopolysiloxane hav 
ing a viscosity of 50 to 1,000,000 cP measured at 25° C., 
(B) an organohydrogenpolysiloxane having units of the 
formula: 

wherein R3 is a substituted or unsubstituted monovalent 
hydrocarbon groups. c is O, l or 2 and d is l or 2, and 
containing in the molecule at least 3 hydrogen atoms 
bonded to silicon atoms, the amount of said organohy 
drogenpolysiloxane being such that from 0.5 to 4.0 of 
hydrogen atoms bonded to silicon atoms are present per 
alkenyl group in said organopolysiloxane (A), and (C) a 
catalyst selected from the group consisting of platinum 
and platinum compounds in an amount of 1 to 100 ppm, 
calculated as platinum, based on said organopolysilox 
ane (A). 

2. An organopolysiloxane composition as set forth in 
claim 1 wherein the alkenyl groups of said organopoly 
siloxane (A) are vinyl groups. 

3. An organopolysiloxane composition as set forth in 
claim 2 wherein R2 is a B-trialkoxysilylethyl having the 
formula: 

(R‘OiiSiCllgCHy 

wherein R4 is a monovalent hydrocarbon group having 
from one to four carbon atoms. 

4. An organopolysiloxane composition as set forth in 
claim 2 in which R2 is B-trimethoxysilylethyl. 

5. An organopolysiloxane composition as set forth in 
claim 1 wherein said organopolysiloxane (A) is a vinyl 
group~containing organopolysiloxane having the for 
mula: 

Clli CHt 
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wherein e is a number of 0 to 2,000 and f is a number of 
I to 2,000. 

6. An organopolysiloxane composition as set forth in 
claim 1 wherein said organopolysiloxane (A) is a vinyl 
group-containing organopolysiloxane having the for 
mula: 

CH3 CH3 

wherein n is a number of 1 to 1,000 and m is a number 
of l to 50. 

7. An organopolysiloxane composition as set forth in 
claim 1 wherein said organohydrogenpolysiloxane (B) 
consists of (CH3)2HSiO i units and SiO; units in which 
the content of hydrogen atoms bonded to silicon atoms 
is 0.3 to 1.2% by weight. 

8. An organopolysiloxane composition as set forth in 
claim 1 wherein said organohydrogenpolysiloxane (B) 
has the formula: 

wherein p is a number of 3 to I00 and q is a number of 
0 to 100, and the content of hydrogen atoms bonded to 
silicon atoms is 0.5 to 1.6% by weight. 

9. An organopolysiloxane composition as set forth in 
claim 1 wherein said organohydrogenpolysiloxane (B) 
has the formula: 

CH 3 CH3 CH3 CH3 

C H3 H CH3 CH3 

wherein r is a number of l to I00 and s is a number of 0 
to I00, and the content of hydrogen atoms bonded to 
silicon atoms is 0.5 to 1.6% by weight. 

10. An organopolysiloxane composition as set forth in 
claim 1 which further comprises an inorganic filler. 

11. An organopolysiloxane composition as claimed in 
claim 1 in which said organopolysiloxane (A) has a 
viscosity of 100 to 10,000 cP measured at 25° C. 

12. A curable organopolysiloxane composition con 
sisting essentially of (A) an organopolysiloxane contain 
ing in the molecule at least one unit having the formula: 

wherein R1 is a substituted or unsubstituted monovalent 
hydrocarbon group, R2 is selected from the group con 
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22 
sisting of (1) a monovalent hydrocarbon group substi 
tuted with a monovalent group containing an oxycarbo 
nyl group in which said oxycarbonyl group is bonded to 
the silicon atom by a chain containing at least 1 carbon 
atom and (2) a monovalent group containing a trialkox 
ysilyl group and an oxycarbonyl group in which said 
oxycarbonyl group is bonded to the silicon atom by a 
chain containing at least 1 carbon atom, a is 0, l or 2, b 
is l or 2, and the sum ofa plus b is l, 2 or 3, said organo 
polysiloxane also containing in the molecule at least 2 
alkenyl groups bonded to silicon atoms, said organo 
polysiloxane having a viscosity of 50 to 1,000,000 of’ 
measured at 25° C., (B) an organohydrogenpolysiloxane 
having units of the formula: 

wherein R3 is a substituted or unsubstituted monovalent 
hydrocarbon group, c is 0, l or 2 and d is l or 2, and 
containing in the molecule at least 3 hydrogen atoms 
bonded to silicon atoms, the amount of said organohy 
drogenpolysiloxane being such that from 0.5 to 4.0 of 
hydrogen atoms bonded to silicon atoms are present per 
alkenyl group in said organopolysiloxane (A), and (C) a 
catalyst selected from the group consisting of platinum 
and platinum compounds in an amount of l to 100 ppm, 
calculated as platinum, based on said organopolysilox 
ane (A). 

13. An organopolysiloxane composition as set forth in 
claim 12 wherein the alkenyl groups of said organopoly 
siloxane (A) are vinyl groups. 

14. An organopolysiloxane composition as set forth in 
claim 12 wherein R2 is said monovalent hydrocarbon 
group substituted with a monovalent group containing 
an oxycarbonyl group. 

15. An organopolysiloxane composition as set forth in 
claim 12 wherein R2 is selected from the group consist 
ing of 

16. An organopolysiloxane as set forth in claim 12 
wherein R2 has the formula: 

0 CH] 

and R4 is a monovalent hydrocarbon group having 1 to 
4 carbon atoms. 

17. An organopolysiloxane composition as set forth in 
claim 12 wherein the organopolysiloxane (A) is a vinyl 
group-containing organopolysiloxane having the for 
mula: 
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wherein e is a number of 0 to 2,000 and f is a number of 
l to 2,000. 

18. An organopolysiloxane composition as set forth in 
claim 12 wherein the organopolysiloxane (A) is a vinyl 
group-containing organopolysiloxane having the for 
mula: 

CH3 CH3 
\ 3/ 
Si 

CH 

wherein n is a number of l to 1,000 and m is a number 
of 1 to 50. 

19. An organopolysiloxane composition as set forth in 
claim 12 wherein, and organohydrogenpolysiloxane (B) 
consists of (CHghHSiO; units and SiO; units in which 
the content of hydrogen atoms bonded to silicon atoms 
is 0.3 to 1.2% by weight. 

20. An organopolysiloxane composition as set forth in 
claim 12 wherein said organohydrogenpolysiloxane (B) 
has the formula: 

wherein p is a number of 3 to 100 and q is a number of 
0 to 100, and the content of hydrogen atoms bonded to 
silicon atoms is 0.5 to 1.6% by weight. 

21. An organopolysiloxane composition as set forth in 
claim 12 wherein said organohydrogenpolysiloxane (B) 
has the formula: 

wherein r is a number of l to 100 and s is a number of 0 
to 100, and the content of hydrogen atoms bonded to 
silicon atoms is 0.5 to 1.6% by weight. 

22. An organopolysiloxane composition as set forth in 
claim 12 which further comprises an inorganic ?ller. 

23. An organopolysiloxane composition as claimed in 
claim 12 in which said organopolysiloxane (A) has a 
viscosity of 100 to 10,000 cP measured at 25° C. 

24. A curable organopolysiloxane composition con 
sisting essentially of (A) an organopolysiloxane contain 
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24 
ing in the molecule at least one unit having the formula: 

wherein R1 is a substituted or unsubstituted monovalent 
hydrocarbon group, R2 is a substituted monovalent 
hydrocarbon group substituted with a monovalent 
group containing an epoxy group, a is 0, 1 or 2, b is 1 or 
2, and the sum of a plus b is 1, 2 or 3, said organopolysi 
loxane also containing in the molecule at least 2 alkenyl 
groups bonded to silicon atoms, said organopolysilox 
ane having a viscosity of 50 to 1,000,000 cP measured at 
25° C., (B) an organohydrogenpolysiloxane having 
units of the formula: 

wherein R3 is a substituted or unsubstituted monovalent 
hydrocarbon group, c is 0, 1 or 2 and d is 1 or 2, and 
containing in the molecule at least 3 hydrogen atoms 
bonded to silicon atoms, the amount of said organohy 
drogenpolysiloxane being such that from 0.5 to 4.0 of 
hydrogen atoms bonded to silicon atoms are present per 
alkenyl group in said organopolysiloxane (A), and (C) a 
catalyst selected from the group consisting of platinum 
and platinum compounds in an amount of 1 to 100 ppm, 
calculated as platinum, based on said organopolysilox 
ane (A). 

25. An organopolysiloxane composition as set forth in 
claim 24 wherein the alkenyl groups of said organopoly 
siloxane (A) are vinyl groups. 

26. An organopolysiloxane composition as set forth in 
claim 24 wherein said organopolysiloxane (A) is a vinyl 
group-containing organopolysiloxane having the for 
mula: 

wherein e is a number of 0 to 2,000 and f is a number of 
l to 2,000. 

27. An organopolysiloxane composition as set forth in 
claim 24 wherein said organopolysiloxane (A) is a vinyl 
group-containing organopolysiloxane having the for 
mula: 
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wherein n is a number of l to 1,000 and m is a number 
of l to 50. 

28. An organopolysiloxane composition as set forth in 
claim 24 wherein R2 is 'y-glycidyloxypropyl. 

29. An organopolysiloxane composition as set forth in 
claim 24 wherein R2 is B-(3,4-oxycyclohexyl)ethyl. 

30. An organopolysiloxane composition as set forth in 
claim 24 wherein said organohydrogenpolysiloxane (B) 
consists of (CH3)gHSiO; units and SiO; units in which 
the content of hydrogen atoms bonded to silicon atoms 
is 0.3 to 1.2% by weight. 

31. An organopolysiloxane composition as set forth in 
claim 24 wherein said organohydrogenpolysiloxane (B) 
has the formula: 

CH3 CH3 CH3 CH3 

CH3 H CH3 20 
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wherein p is a number of 3 to I00 and q is a number of 
O to I00, and the content of hydrogen atoms bonded to 
silicon atoms is 0.5 to 1.6% by weight. 

32. An organopolysiloxane composition as set forth in 
claim 24 wherein said organohydrogenpolysiloxane (B) 
has the formula: 

wherein r is a number of l to 100 and s is a number of O 
to 100, and the content of hydrogen atoms bonded to 
silicon atoms is 0.5 to 1.6% by weight. 

33. An organopolysiloxane composition as set forth in 
claim 24 which further comprises an inorganic ?ller. 

34. An organopolysiloxane composition as claimed in 
claim 24 in which said organopolysiloxane (A) has a 
viscosity of 100 to 10,000 cl’ measured at 25° C. 

t i i it it 


